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1. Introduction: 

‘The recent emergence of natural resource cartels like OPEC have prompted 
economists to study the effects of market structure on exhaustible resource 
use. The extensive literature on this subject is nicely summarized in Das- 
gupta and Heal (1979, especially Chpt. 11). Most of this literature ignores 
the questions of how the supply side of the market evolves Rear time, and 
what factors determine the initial distribution of reserves among competing 
suppliers. 1 For example, it would be interesting to know why some resource 
markets are more concentrated (in terms of reserve ownership) than others.“ 

Certainly, the geographical distribution of reserves partially deter 
mines Uoneeatration Also suppliers can augment their stocks by exploring 
for new sources or by acquiring reserves from other firms. Reserve acquisi- 
tion of erie type has occurred occasionally in markets for copper, bauxite, 
and molybdenum. > The structure of some of these markets has evolved in 
‘this way. Initially, large reserves are discovered by one or a few sup- 
pliers who become leading firm(s) in the industry. These firms maintain 
a dominant position by supplementing their stock through exploration and 
acquisition of reserves from smaller suppliers. In the long run a dominant 
firm (cartel)--competitive fringe industry structure results from this process. 

This description of how some resource markets evolve over time suggests 
several questions to us. Are there ''first in" advantages in exhaustible re- 
source iialstdves: is there an incentive. for a dominant firm to maintain and 
enhance its position in the market? Is there a fatural or stable size for a 
dominant firm? To what extent can a cartel prevent competition from fringe 
proditers by pre-emptive exploration and acquisition? 


In this paper we try to answer these questions by looking at a simple 
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dominant firm-competitive fringe model of a resource industry where the 
ownership of reserves is endogenously determined. We assume that the dom- 
inant firm or cartel initially controls a significant portion of known 
reserves. The industry also consists of a group of competitive fringe 
suppliers who each own a small fraction of the available stock. We assume 
that there is some additional stock contained in separate "pools" (loca- 
tions) that have not yet been discovered and claimed. The reserves in a 
given pool are obtained by discovering the pool first. Resource explora- 
tion is assumed to be a deterministic process so that a pool is claimed 
by the firm spending the most on exploration. An alternative assumption | 
is that all of the resource has been discovered, but that some of it is 
owned by the government. Firms can augment their supplies by bidding the 
most for new one ie as they are auctioned off by the government. | 

. Formally, We cdad resource supply as two sequential discrete processes. 
First, firms achive resource stocks through competitive exploration and de- 
velopment. Second, firms extract and sell resources from their reserves 
once the ownership of the stock is determined. Logically, we must assume 
that firms can predict the outcome of the second post acquisition phase of 
supply in order to form expectations about the profitability of acquiring 
resource stocks during the initial supply phase.” In particular we assume 
that during the extraction phase the dominant firm acts as an intertemporal 
Stackelberg price leader. It announces a time path of prices, assuming ~ 
that fringe producers react by choosing a profit maximizing extraction pro- 
gram. This process, which is characterized in Salant (1976, 1979), Lewis 
and Schmalensee (1980, 1982), and Ulph and Folie (1980) results in a well 


defined extraction equilibrium. We assume that firms can calculate the 
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resulting equilibrium level of profits, for all allocations of initial co 
serves between the dominant firm and the competitive fringe. This information 
is then used by firms to determine the optimal expenditure for acquiring re- 
serves during the exploration phase of supply. We note that this formulation 
ignores the possibility that exploration may be uncertain, and that firms may 
explore and extract simultaneously. This is done to maintain tractibility, 
but we are not convinced that the predictive content of our model would 

change significantly if these complications were introduced. 

Our analysis begins in section 2 where we characterize extraction 
equilibria for the dominant firm-competitive fringe model in terms of the 
initial reserves controlled by the dominant firm. This information is used 
in section 3 to analyse the reserve acquisition process. We assume that 
the resource is distributed in discrete amounts among N distinct pools. 

Firms acquire the reserves contained in a particular pool. by outspending 
their rivals in exploration. Alternatively, reserves--already. known to 
exist--are acquired through the process of competitive bidding. We are 
interested in determining the dominant firm's ability to limit competition 
from the fringe by pre-emptive discovery of new reserves. .We find that 

in some instances, fringe suppliers who manage to acquire some of the stock 
benefit from higher prices brought about a the creasing in the dominant 
firm.° This free-rider effect reduces the dominant firm's incentives to 
outspend its fringe rivals in exploration. We demonstrate that the pros- 
pects for pre-emption are best when the resource is concentrated in large 
amounts in a small number of pools. This is because the cost to the dom- 
inant firm.of acquiring reserves increases when the available resource is 


distributed in many separate pools. 
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There are other instances, described by Ulph and Folie (1980), when 
fringe supplier profits fall as the dominant firm acquires additional re- 
canton In this case we demonstrate the profitability of complete pre-emptive 
discovery tidqdtste ten of all available reserves by the dominant firm. 

Section 4, examines pre-exploration behavior of the dominant firm 
which reduces the eventual costs of reserve acquisition. The dominant firm 
can influence the value of undiscovered resources by signing long term con- 
tracts with consumers prior to exploration or acquisition of reserves. For 
example, the value of reserves to the fringe may decline if the cartel com- 
mits itself to selling additional resources at lower prices during initial 
periods of the extraction horizon. We show that this policy is effective 
because it decreases the costs of resource acquisition more than it reduces 
the. value of new pesca to the dominant firm. By depressing reso eene 
prices, ‘the cud nbs firm reduces the free-rider benefits accruing to fringe 
producers, and it makes pre-emptive reserve acquisition more attractive. 
This is*illustrated with an example where we show that complete pre-emption 
of available reserves is made profitable by deflating resource prices. Also 
we note that there is empirical support for this behavior as it has been : 
suggested that AMAX, the leading molybdenum producer, has 912033284900 ae 
selling prices to decrease the future costs of acquiring reserves.” 

The analysis is concluded in section 5 with a summary of results and 


suggestions for further work. 


2. The Price-Leadership Extraction Model: 


2.a Assumptions © 


Following Salant (1976) we consider an exhaustible resource market 
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where consumers purchase supplies at the same price from independent firms. 
For now we assume that the initial Fetnisceeroce is distributed between a dom- 
inant firm or cartel, and a Le of fringe suppliers. The question of 
how this distribution is determined is the subject of sections 3 and 4. 
The cartel sets current and future prices in the market by signing bind- 
ing long term service contracts with consumers, to supply quantities of 
| the resource at specified prices.® Fringe producers choose a sales path 
to maximize Biscountsl profits taking prices as given in each period. Hence, 
the cartel chooses a price path, supported by its sales, to maximize dis- 
* counted profits, subject to the supply response of the fringe. 
; Note that this is a Srackelberp ice leader-follower formulation, 
Pihareas Ghat Salant (1976) model assumes CourndteNash behavior for all firms. 
Under conditions to be specified below, the two approaches are equivalent 
yielding the same price and quantity paths in equilibrium (see Lewis and 
Schmalensee (1982) ). 

Let q(t) be total market sales and q° (t) and qt (t) be the sales of 
the cartel and competitive fringe, respectively. Following Salant (1976), 
sive assume that there is a stationary inverse demand function p(q), with 
pig) <0 and a finite choke price F, and that the coefficient of price 
elasticity e(q) = -dq/dp /(p/q) is strictly decreasing in q. 

In much of our analysis, zero marginal extraction costs are assumed, 
(The introduction of constant Basis Graimart iG extraction costs does not 
change our results). However, the assumption that all producers face the 
same constant extraction costs is not innocuous as demonstrated by Ulph 
and Folie (1980). The implications of marginal extraction costs varying 


across different resource deposits is examined in section 3. 
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Finally, an important assumption of our model is that the cartabecan 
credibly commit itself to support the price it announces for each time 
period: This is equivalent to requiring the existence of a futures mar- 
ket or the resource, where extractors can contract with consumers for 
current and future deliveries of the resource. In the absence of complete 
futures markets, the anatity of the cartel to commit itself to a stream of 
future prices is diminished. In fact, in this case the cartel ia profitably 
deceive fringe suppliers by announcing price paths that it knows it will want 
to change later on (see Lewis and Schmalensee (1982) and Newberry. (1gGdnaee 
The problem of characterizing equilibria in the absence of futures markets 
is not our main concern in this paper, so that we will not deal with it here 


except for a brief discussion in section 5. 


2.b Properties of. Equilibria: 

In equilibrium, the cartel announces a time path for prices that max- 
imizes its discounted profit subject to the profit maximizing response of 
the price-taking fringe. Taking the response of the fringe suppliers as 
given, straightforward maximization of cartel profits yields the necessary 


conditions (2.1)-(2.4) for a Stackelberg equilibrium, !? 


-rt f -rt fod | | 

e" MR'(q'.q.) =e [p(a+q.) + rae = MR. (f9 
igo (tat = 1° | (242); 
0 

eT (q°+q*) = Po whenever qt > 0 (2.3) 


Pah (tyat ahs (2.4): 
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Equation (2.3) is an equilibrium arbitrage condition that holds ae 
price-taking fringe suppliers produce. Given this cdaaicion. the cartel 
Maximizes profits by equating discounted marginal revenue (calculated 
foe its excess demand curve) across all time periods as indicated in 
equation (2.1). The resource constraints are given by (2.2) and. (2.4), 
where r and S denote the extraction horizon b, and 1° and re represent 
the initial reserves of the cartel and competitive fringe, respectively. 

| Salant (1976) shows that the intertemporal equilibria described. by 
the equations above consists of two phases. Initially, both the competi-. 
tive fringe and the cartel operate during a phase in which price rises at 
the rate of interest. Eventually, at time S < T, fringe supplies are ex- 
hausted and the entire market is left to the cartel which then operates as 
monopoly with FAD ee * 
Lewis and Eontatnnses (1980} analyse the effects on equilibria of 
_ changes in fringe and cartel initial resource endowments. These results 
are summarized here, for use in sections 3 and 4. Let paar and 
MRo(I®,1*) (defined by equations (2.3) and (2.1) respectively). denote 
the constant discounted price and marginal revenue accruing to fringe 
suppliers and the cartel, respectively, in market equilibrium, and let 
we (1): Gnd we cera *) represent total discounted Ay Bee earned by the 
cartel: and competitive fringe sector. Some of the comparative static ef- 


fects of variations in the initial reserve levels are given below, (see 


Lewis and Schmalensee (1980) pp 140-142, 151-153 for details). 
e/,.e c sg be api me: . 
dW/dI- = MRO , dW/dI =p (2.5) 


amr&/ar* . dp /at" <0, fom -c,f (2.6) 


aoe 
‘ 

aw°/a1® - aw’/at* = p., dp,/dI® - dp,/dT” > 0 (2.7) 

d(we4w')/aI° - awo+w')/at* > 0 aha nin Mapenctted) 


According to (2.5) and (2.6), the marginal value of reserves to the cartel 
and competitive fringe represented by MRS and Po? respectively, decline 

with greater initial reserves. Total and average cartel profits increase, 
as reserves shift from the competitive fringe to the cartel, as indicated 
by the first part of eq. (2.7). This occurs because the cartel simultane- 
ously obtains more of the resource, and reduces the reserves of rival sup- 
pliers. The second part of equation (2.7) implies that fringe suppliers 

who continue to hold resources also benefit by a shift in reserves from the 
fringe sector to the cartel. This is the "free-rider" effect we mentioned | 


above. Equation (2.8) shows that total industry profits increase with the 


relative size of the cartel. 


3. Dominant Firm Pre-emption 

3.a A Case Where Fringe Producers Benefit from the Presence of the Cartel. 
We now consider the struggle between the cartel and the competitive 

fringe to acquire initial reserves. rs simplicity, suppose that. the, avail- 

able resource stock is a fixed known amount, I. Initially, the cartel 

controls 1° > 0 of the stock, the fringe collectively pwhs is > 0, and 

there is a residual, igen eee > 0 left to be claimed and discoveres/ann 

D is equally divided among N distinct sources or "pools" each contaiail > 

D/N Oe the stock. (Alternatively, we can imagine that Dis indtd diy con-. 


trolled by N equal sized fringe suppliers, and that the dominant firm may 


increase its stock by buying out some of these producers). 
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The stock contained in a particular pool is captured by the firm Which 
spends the most in finding that source. There is simultaneous and unrestricted 
competition for each of the N pools. This means that the eventual winner of 
each pool must spend at least the maximum amount that the pool would be worth 
to some other producer. 

Let us calculate the net return to the cartel of acquiring some amount 
E < D of the residual reserves. Assume that the stock in each pool is A=D/N. 


Assuming E is divisible by A, the cartel must acquire N, = E/A pools. Con- 


E 
sider a fringe supplier who competes for one of the Np pools. If he should 


capture that pool, and the cartel acquires the other N,-1 pools, the fringe 


E 


producer earns extraction profits equal to 


Ap, (1+ (N,-1)4) (3.1) 


where ps is expressed as a function of the reserves owned by the cartel. 
Equation (3.1) represents the value of each pool to a potential fringe sup - 
plier. In order for the cartel to capture all Ne pools, it must spend 

at least 


NpAP,(I°+(N,-1)A) = EB pi (1° +E-a) (3.2) 


where we have used NpA = E. in deriving (3.2). The cartel's net return of 


acquiring E reserves, assuming the stock per pool is A, denoted by R,(E); 


is equal to 


Ry(E) = Wo(1"+E) - WCI) - pl (I +E-aE | (3.3) 


where W is written as a function of the cartel reserves. A necessary condi- 
tion for the acquisition to be profitable is that RCE) > 0. We can rewrite 


Wo (I°+E) as. 


CG t 
wo (1° 4E) = rei W feydn es Werle) (3.4) 
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. cm : 
Substituting the expression in (2.7) for W~ into (3.4) we obtain 


c Cec I°+E c 
Wo.(IS+E) = WIT) = f p, (i +z)dz (3.5) 


According to (2.7) Py is strictly increasing... Hence there exists a z€(0,E) 


such that 

Wofiee Wel ee po(l +z)E : (3.6) 
Substituting this expression into (3.3) we obtain 

R,(E) = (py (I+z) - po(I+E-A))E G7) 


Eq. .(3.7) implies that the sign of R CE) depends on the size uF A. 
Ifgh Vselarge, so that the residual stock is concentrated in a few pools, 
then acquisition:by the cartel is profitable. Also some amount of Segue 
tion, for example E = A, is profitable for any A. But for a given E, if re 
is sufficiently small then R,) is negative, and the acquisition of E re- 
serves is not feasible. The reason for this is that each additional pool 
that is captured by a fringe producer reduces the value of reserves to that 
producer as well as to the rest of fringe. But if the amount contained in 
each pool is small, then the decrease in the value of reserves due to a 
transfer of one pool from the cartel to the fringe is small. This enhances 
the incentive for fringe suppliers to acquire new reserves, which is re- 
flected in a higher average acquisition price P, (1, +E-A) to the cartel ./> 

In general, it does not seem possible to say much about the size of 
the optimal acquisition and how it depends on A. While we do know that the 
profitability of any acquisition varies directly with average pool size, it 


does not seem possible to analytically show, for example, that the optimal 
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amount to acquire increases with A. Part of the ambiguity arises because 
of integer problems associated with the discrete nature of our problem. 


The optimal acquisition, E*, satisfies the condition 


E*+A 


Ry (E*+A) ~ Rig fF) = 4 R'y (x}dx < y (3.8) 


assuming E* < D. Differentiating eq. (3.3) with respect to E and using eq. 


r,7) we obtain, 


W ofiseX ur py'(+EA)E ~ p (1°+E-a) (3.9) 


Ry" (E) 


Cc € c 
p,(I°+E) - p (1°+E-A) - pi" (1°+E-a)E 


Eq: (3.9) implies that R, ' CE) < 0 for E > A when Po is a concave for linear) 
function of cartel reserves. This together with eq. (3.8) imply that. E*=A 
when P ghé 0. In. this case the degree of pre-emptive acquisition by, the 
cartel is quite limited. When Po is convex the optimal acquisition is po- 
ecthiadly greater thanaA. 
An example: Typicaily, the sign of Bey can only be determined by computing 
the equilibrium for the post-acquisition game. We have.done this for.a lin- 
ear demand example where: 

B(Qhe ch c= 1Q 
and the total available resource stock is 30 units.“ Extraction costs are 
zero, and the discount rate r = .10. In Fig. 1 we have graphed p.» the 
present value price of the resource in the first phase of the equilibrium, 
“as Pe aetion of amount of reserves held by the cartel Ee time zero. As 


the graph indicates, Po is increasing and strictly convex.in the amount of. 
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resource held by the cartel. 

In Table 1 we tabulate the present value profits to the cartel and 
fringe for a range of possible configurations of the final reserve hold- 
ings. Also listed are the present value prices in the first phase of the 
Stackelberg equilibrium. Using this information and equation (3.3) it is 
possible to compute the returns to the cartel of pre-empting an amount E 
of the resource, given A and some initial configuration of reserve holdings. 
For purposes of illustration we assume that the fringe and cartel initially 
hold 10 and 16 units of the resource and that an additional amount of 4 
units remains to be SLT, (i.e.,; a - 10, 1° = 16 and D= 4). In Table 
2 we present the returns to the cartel of pre-empting amounts, E, of the ad- 
ditional resource for various assumed values of A. (The amount E must, of 
course, be a multiple of 4). | 

Table 2 reveals that while the returns to the cartel of pre-~empting an 
amount equal to 2A are positive, the present value profits of the cartel, 
nét of acquisition costs, are maximized for E = A. This appears to be true 
irrespective of the distribution of the initial reserves between the Stas 
and cartel ‘and of the size of D. Hence at least for this example, the pro- 
fitability and extent of pre-emptive acquisition is quite limited. In sec- 
tion 4 we see how chases geen are modified when the cartel can deflate | 


resources prices to decrease acquisition costs. 


°32b ‘Acquisitions by the Fringe 


It is interesting to enquire if a fringe producer can profitably buy 


reserves from the cartel. Suppose a fringe supplier contemplates purchasing 


F reserves from the cartel who initially owns stock 1° The acquisition by 


the fringe firm will only be profitable if 


p(I°-F)F 2 wc’) -.W°(I°-F) (3.10) 


Bite 


Following the analysis of equations (3.4) - (3.5) we can rewrite (3.10) as 


Cc 


p, (1° -F)F > Pi(z)F 3 2 e( beet d | Es. 11} 


Since Py is strictly increasing the condition in (3.11) is always violated. 
Hence, at least for this case, the cartel will never divest itself of re- 
source holdings. In section 4 we examine a case in which this conclusion 


is reversed. 
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Ulph and Folie (1980) have constructed a case where the competitive 
fringe ees of reserves are harmed by the presence of the cartel. They 
assume that the dominant firm initially owns 1° reserves that can be ex- 
tracted costlessly. Collectively, the fringe controls a smaller amount of 
reserves aa which can be extracted at a unit cost c. They show that when 
rs is sufficiently small and c is sufficiently large, that the equilibrium 
consists of an initial phase during which the cartel produces, followed by 
a second phase during which the cartel and fringe both produce. In addi- 
tion, the discounted net price received by fringe producers, Po? decreased 
as the cartel increases its reserve holdings, i.e., Pp!) < Sent 

Under these conditions pre-emptive reserve acquisition is always pro- 
fitable for the cartel. To see this, suppose that the cartel begins with 
be reserves and assume that there is antaddtetonal stock of D still avail- 
able. It is easy to show, that total industry profits increase as total 


reserves controlled by the cartel increase. Hence, for E<D 


w°(I°+E) + p, (1° +E) (T-1°-B) Se peta het er 


+ p, (I°+E-a) (T-1° -E¥A) (3.12) 


rae 


= 7c ; 
where 1 is the total resource stock, and I-I~-E is the stock held by the 
fringe, assuming the cartel controls 1°+E of the resource. Since by as- 


sumption Po is a decreasing function equation (3.12) implies” 


Wo (1°#E) > W°(I +E-a) + p (I +E-a)A 7 (3.13) 


Suppose the cartel has acquired E-A reserves. Then eq. (3.3) implies that 
fhe net increase in pene obtained by capturing an additional pool is given 
by 

Ry (B) = Ry (EA) = W°C+E) ~ w°(TS+E-a) - Cp, °+E-A) (B) 


- p, (1°4B-2h) (E~A) (3.14) 


where the expression in square brackets represents the increase in acquisition 


costs. “since Py is a decreasing function we can use (3.14) to show ; 


Ry (BE). 7 Ry (EA). > Wels +B ee WS (I1°+E-A) - p°(I°+E)A (3.15) 


It follows from equations (3.15) and (3.13) that R, (E+d) - R, (E) > 0, so that 
the incremental return to acquiring additional reserves is ee Hence, 
any Situation'in which’the fringe holds reserves is unstable because there 

is an incentive for the fringe members to sell out to the dominant firm. In 
fact, fringe suppliers who hold on to their stock are made worse off in the 


16 
long run. 


4. Lowering hy? and Pre Acquisition Behavior: 

, Let's return to our original model where there are zero marginal ex< 
traction cones associated with all reserves. Suppose that the cartel 
decides to acquire Es D reserves. We know that the reserve acquisition 
price, Py? is strictly increasing in the amount of the stock held by the 


cartel. So one way for the cartel to reduce this price would be for it 
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to divest itself of some fraction of its resource stock. For example, the 
cartel could enter into future contracts with fringe suppliers agreeing to 
sell them some amount Q of its extracted resource over time at competitive 
market prices. This would mean that an additional Q reserves would not be 
controlled by fringe suppliers so that the competitive price for reserves 
would become p, (I +E-Q). Alternatively, the cartel could sign futures con- 
tracts to sell an extra Q units to consumers at competitive prices, p, (1° +E-Q). 
In either case, this commitment to sell resources at deflated prices. would de- 
crease the value of acquiring additional reserves to the fringe. Of course 

in the process of deflating prices, the cartel would also be depreciating the 
value of its own reserves. However, it is possible to show, that on balance, 
the decrease in acquisition costs would outweigh the necteant in cartel sees) 


serve value for small Q. Let 


V(E,Q) = W(1"+E-Q) + Qp (T+E-Q) - Ep (1° +B-a-Q) = WT) (4.1) 
be the return to the cartel of acquiring E reserves through exploration 
or bidding, given that Q units of the resource are to be sold at the compe- 
titive present value price, p, (1° +E-Q). The partial derivative of V(E,Q) 


with respect to Q is given by 
(EQ) = -Qp' (I°+E-Q) + Ept, (IT+E-0-Q) (4.2) 
dQ bier Poo Po } 


where we have used (2.7) to obtain the right hand side of (4.2). Evaluating 


(4.2) at Q = 0, it follows that 
dV 
Gq (£0) > 0 (4.3) 


Thus, given E, it is profitable for the cartel to commit at least some amount 


= Ge 


of the resource to be sold at deflated prices. This is warranted because 
of a reduction in the acquisition price faced by the dominant firm. On the 


other hand, evaluating (4.2) at any Q 2E we obtain 


Go (EQ 2 E) <0 4.4) 


if the initial price Po is convex in its argument -- which it is when the de- 
mand function is linear for example. In such cases, it is never optimal for 
the cartel to commit all of or more than the amount pre-empted to be sold at 
deflated cerca: the benefits of lower acquisition costs are more than oFf- 
set by the lower price received for the resource when ownership is transferred 
to the fringe. | | 

‘The profitability of depressing the acquisition price by selling part 
of the resource at competitive prices will, in general, affect the’ optimal 
amount E* of the resource that the cartel pre-empts. Given E, let Q(E) 
denote the optimal quantity of the résource to sell at competitive prices, 


i.e., Q(E) solves 


maxX 


q V(E.Q) | 2 AET ag 
Substituting for Q(E) into (4.1) and totally differentiating with respect. 


to E yields, upon using the envelope theorem, 
Se (B,Q(E)) = WI°C+E-Q) + Qo (1°4E-Q) = p (IE 
dE . Ons “Q =. Pe -A~-Q) 
“Ep! (I +E~A-Q) 


Upon invoking (2.7) and using the first order condition for (4.5) the above 


expression reduces to 


os (E,Q(E)) ey p, (I +E-Q) - p, (Io +E-A-Q) > 0 (4 6). 


its 


since Po is increasing in its argument. It follows from eq. (4.6) that for 


E<D 


V(E+A,Q(E+A)) - V(E,Q(E)) =o SP"! SE (2,Q(2))d2 > 0 
E : 


so that complete pre-emptive acquisition of all D available reserves if 
profitable. | 

The above result is verified in the numerical example for the linear de- 
mand case introduced in Section 3. The return function V(E,Q) is graphed in 
Figure 2 for various values of E, assuming 1°=16, er ite p=4 and A=1 (all 
the information required to construct Fig. 2 is contained in Table Ls 

‘According to the Figure, V(E,Q) is maximized at E=D=4, i.e., cartel 
- profits are maximized by complete pre-emption. In the previous section we 
saw that when Q=0, the cartel optimally pre-empts E=A=1. Thus, the ears 
tel's strategy of divesting partvof its reserves at competitive prices not 
only enhances the profitability of pre-emption but it also diana tie ald in- 
creases the amount acquired. 

Consumers also benefit by the cartel's has coe of Jenin Dads prices. 
From Figure 2 we see that when E=4, Q(E) = 3.6. In this case it isras if 
1.9 = 13.6 units of the resource are being sold by competitive fringe 
producers. On the other hand, when Q=0,, and E=l: as ey example of 
Section 3, then 13 = 13 units of the resource are competitively con< 
trolled. Hence, present value competitive price Po is lower, and con- 


sumers are better off when the cartel is able to depress: prices. 1! 


oihe 


In fact, when Py is a linear function of cartel reserves, equation (4.2) 
implies that Q(E) = E. It is still profitable for the cartel to pre-empt 
all available reserves, (i.e., E*=D), but it is as if 1 4p units of the 
resource are being sold Po competitive producers. In this case, “ equil - 
ibrium price path for ae resource is not affected by the pre- emptive 


behavior of the cartel. 


5S. Summary: 


In this paper we attempted to endogenize the reserve-acquiring process. 
Our motivation for’ doing this is to rationalize the various patterns of re- 
source ownership that one observes in different industries. It seems 
peculiar eeiiea vies one resource markets are relatively concentrated while 
others like the coal market are not. We try to explain these differences 
by looking at the incentives for dominant firms to pre-empt rival competi - 
tion by capturing additional stocks. We find that the ability of.a cartel 
. to monopolize the market depends on the extent to which fringe’ producers 
benefit’ by the presence of the carte1,‘9 the degree of concentration of new 
reserves’ in separate Peaiiohe and the ability of the cartel to control long 
run prices. 

Two primary conclusions emerge from our analysis. First, even though 
total industry profits increase with concentration, it is not always possi- 
ble: for large firms to completely monopolize the market by bidding away 
all the resources from smaller fringe suppliers. Second, the dominant 
firm may voluntarily commit itself and the rest of the industry to charg- 
ing lower prices for the resource in order to depress the value of new 
reserves to the fringe. This strategy makes it feasible and optimal -- at 
leane in some cases -- for the cartel to pre-empt all of any new reserves 


that might become available through discovery or bidding. 
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There are several possible extensions of our analysis. It is con- 
ceivable that one could study the intertemporal stability of cartels in 
resource markets with our model, There has been a lot of informal discus< 
sion of cartel stability pareseulary with regard to the ae oil market, 
and the long run viability of OPEC. One could perhaps apply some of the 
recent results of d'Aspremont et al (1981) and Donsimoni (1981) on cartel 
Stability in static ferrbts.to our model in order to study dynamic sta- 
bility questions. 

A second extension of our model would be to allow exploration and ex- 
traction to occur simultaneously as in the interesting analysis of Pindyck 
(1978). In this case, exploration would become a real time process. Firms 
would need to discover new stocks in time to replenish their reserves as 
they were depleted by extraction. Inefficiencies in exploration might oc- 
cur because there would be incentives for suppliers to explore more rapidly 
in order to be the first to discover a given resource deposit. 

A third extension of the model would be to examine other intertemporal 
equilibria, and artibeia for other market structures. For example, we 
might analyse reserve acquisition, when complete futures markets for the 
resource did not exist. In this case, it would not be possible for firms 
to commit themselves to an entire time path of supply. This would a61\e 
investigating the so-called closed loop equilibria which have been studied 
recently by Newberry (1980), Eswaran and Lewis (1982) and Reinganum and 
Stokey. (1981). We might also study other structures besides the dominant 


firm-competitive fringe one. 
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Footnotes 


One notable exception is the interesting analysis by Salant et al (1980). 
The issue of how one measures concentration in resource markets, is it- 
self an interesting problem. Should one use figures on current stocks 
or current extraction to compute concentration measures?. This and re- 
lated questions are discussed in Slade (1981) and Lewis and Schmalensee 
(1979). 

For example, see "Molybdenum: Outlook Remains Good as New Mine Properties 
are Sought," March (1980) Engineering and Mining Journal, pp 99-103 

The term fh cheese oF am is borrowed from the thoughtsproudeina papers by 
Eaton and Lipsey (1977) and Gilbert and Newberry (1981). 

The logical necessity of this has been emphasized = Dixit (1980) in a 
ateberaht context. 

Similarly, free=rider effects have been noted in discussions of cartel 
stability, see Stigler (1964), and firm takeovers; see Grogenell tat 
Hart (1980). ot | 

For example, see Molybdenum May (1979) U.S. Department of the Interior 
Long term service contracts are common in domestic resource indasteaae 
where they can be enforced at low cost. In international markets, like 
the world oil market, long term agreements are less common because of 
the difficulty of enforcing contracts between different nationals. r 
Also see Kydland and Prescott (1977) for a discussion of dynamic in- 
consistency in leader-follower situations. | 

These are equivalent to eq. (1) - (4) in Salant (1976). Henceforth, 
time arguments are deleted where no confusion exists. 

Under different doRareioue the order of production may be reversed. 
Lewis and Schmalensee (1980) show that there is an initial phase wharf" 


only the cartel produces if dE(Q)/dQ > 0 along the market demand curve. 


ie. 
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Ulph and Folie (1980) examine the effect of. introducing different, but 
constant, marginal extraction costs on the order of production between 
the fringe and cartel. 

The process by which T° and r are determined will not concern us here. 
It is interesting to note that a similar result has been noted by Gross- 
man and Hart (1980) in their analysis of firm takeovers. They show that 
takeover bids may not succeed with numerous small stock holders because 
of free-rider effects. 

Details of the calculation are available from the authors. 

The Ulph and Folie model assumes Cournot-Nash behavior. However, as in 
the Salant model, it can be demonstrated that the Stackelberg and Cour- 
not-Nash equilibria coincide. 


This phenomena is similar to the "turning" effect described by Schelling 


(1960). There, racially mixed neighborhoods are inherently unstable be- 


cause neighbors of different race are not compatible with each other. 
Thus, one group is likely to buy out the other, until the neighborhood 
becomes Hémavenshés 

Lewis and Schmalensee (1980, p 151-153) show that consumer surplus in- 
creases with the anGinit of reserves controlled by the fringe. 

If the demand Pinte TBA were of constant Sthrepeiinytcot example, and 
extraction costs zero for both the BAceed and the fringe, the latter 
does not benefit from the formation of a cartel. As is well known, 
the Stackelberg sqhiletrres coincides with the competitive equilibrium 
in this case and is independent of the reserve distribution. In this 


case, the final distribution of reserves is indeterminate since the re- 


turns to both the cartel and the fringe of acquiring additional reserves 
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